13-10
cells (Stich et al., 1980).  Commercial caramel and caramelized sam-
ples of several sugars prepared by heating sugar solutions also caused
chromosome aberrations in CHO cells (Stich et^ al_. , 1981b) .  Similarly,
furan and six of its derivatives, which can be produced in foods by
heating carbohydrates (Maga, 1979), were found to cause chromosome
aberrations in CHO cells but to be nonmutagenic to bacteria (Stich et_
al., 1981a).
PLANT FLAVQNQIDS
Among the most widespread of the known naturally occurring mutagens
(possible carcinogens) that are normal constituents of many foods are
the mutagenic flavonoids. Among the flavonol aglycones that have been
shown to be mutagenic to S^. typhimurium are quercetin, kaempferol, and
galangin (Bjeldanes and Chang, 1977; Brown, 1980; Hardigree and Epler,
1978; MacGregor and Jurd, 1978).  Quercetin has also been reported to
induce gene conversion in yeast (Hardigree and Epler, 1978), transforma-
tion of both hamster embryo cells (Umezawa et_ al_., 1977) and BALB/c 3T3
mouse cells (Meltz and MacGregor, 1981), and mutations and single-
stranded DNA breaks in L5178Y mouse cells (Meltz and MacGregor, 1981).
Both quercetin and kaempferol have been reported to cause mutations in
V79 Chinese hamster cells (Maruta ejt_ al^., 1979) and heritable mutations
(sex-linked recessive lethals) in the fruit fly Drosophila melanogaster
(Watson, 1982).
In some mutagenic plant products consumed by humans, the mutagenic
substances isolated were identified as flavonoids*  For example, most
of the mutagenic activity of an acid hydrolysate of green tea could be
accounted for by three flavonoids: kaempferol, quercetin, and myricetin
(Uyeta et^ _a!L. , 1981). The flavonoids kaempferol and isorharanetin were
found to be responsible for most of the mutagenic activity found in Japa-
nese pickles (Takahashi ej^ a.1., 1979). The mutagen in the spice of
sumac was found to be quercetin (Seino ej:_ al., 1978).  Isorhamnetin and
quercetin were the major mutagens in a methanol extract of dill weed
(Fukouka et al., 1980) .
Brown (1980) reported that the edible portions of most food plants
contain flavonoid glycosides, especially quercetin and kaempferol. He
estimated that the average daily intake of flavonoids in the U.S. diet
is approximately 1 g and that the daily intake of mutagenic flavonoid
glycosides may be equivalent to approximately 50 mg of quercetin.
Approximately 25% of the flavonoid intake is derived from tea, coffee,
cocoa, fruit jams, red wine, beer, and vinegar (Brown, 1980).
In view of the mutagenic activity and widespread distribution of
certain flavonoids, particularly quercetin, it is important to deter-
mine the carcinogenic potential of these chemicals.  At present, the
data concerning the carcinogenicity of quercetin are contradictory.
Pamukcu et_ al_. (1980) reported that adding 0.1% quercetin to the diet

